The aim of this study was to investigate the effectiveness of exergaming on improving Eye-Hand Coordination (EHC) among primary school children. Eighteen student volunteers joined this study who were arranged to play exergaming for thirty minutes three times a week during three months intervention. The result of Wilcoxon Signed-Rank test showed a significant decrease in time spent on Mirror Tracing Test (MTT), indicating a positive impact of exergaming on EHC among primary school children. In conclusion, it offers an alternative for education professionals in the school setting to integrate exergaming as an effective means to enhance students' EHC.
Introduction
Exergaming is a popular and thriving technology that allows players to use gross body movements to simulate physical activities on screens, such as dancing and boxing. In the past two decades, various kinds of exergames have been introduced and perfected. In the late 1990s, Dance Revolution using pressure-sensitive footpads to connect players' body movements improved the interface of exergames. In 2006 Nintendo Wii hit the market using wireless remote held in hands to allow upper body movements especially arms. In 2010 Microsoft released Kinect using optical sensing to finally track whole-body movements. Playing exergames have not only been considered as one option of entertainments but also been investigated as a tool to improve health. Major contributions of exergames to health promotion are summarized as follows: 1) increasing energy expenditure and con-tribute to moderate to high intensity physical activity (Adkins, Brown, Heelan, Ansorge, Shaw, & Shaw, 2013; Sween, Wallington, Sheppard, Taylor, Llanos, & Adams-Campbell, 2014; Wu, Wu, & Chu, 2015; Gao, Chen, & Stodden, 2015) ; 2) being perceived as enjoyable, motivating, and reinforcing exerciseby adding competition and group play features (Best, 2013) ; and 3) promoting postural stability and correction for rehabilitation (Sheehan & Katz, 2012; Sims, Cosby, Saliba, Hertel, & Saliba, 2013) .
One of the significant contributions of exergaming to health is perhaps the enhancement of eye-Hand Coordination (EHC). The coordinated processing visual input with the proprioceptive guide of hands while reaching and grasping is known as eye-hand coordination. EHC plays a pivotal role in many kinds of sports, especially in ball games which require a lot of reaching and catching. It has been documented that children with better EHC generally have a better body image and more likely to participate in various kinds of sports, but EHC is not found to be associated with percent body fat or amount of physical activities (Telford, Cunningham, Telford, Olive, Byrne, & Abhayaratna, 2013) . A study by Wicks, Telford, Cunningham, Semple, & Telford (2015) showed that EHC became better with a growing age in 8 to 16 years old children, and it was modified by the difficulty of the task. Boys' EHC were better than girls' at the age of eight. Specifically, throw and two-handed catch proficiency developed earlier and faster than throw and one-handed catch in both sexes. The underlying mechanism of EHC performance and developments has been vastly investigated, but few studies to our knowledge dedicate to assess the impact of physical activities on EHC, and nearly none focuses on the effectiveness of exergaming on improving EHC. To fill the literature gap, the aim of the current study thus is to investigate whether playing exergames can contribute to the developments of EHC among primary school children.
Methods

Trial Design
The study assesses the effect of exergaming on EHC of a group of primary school students, in which no control group is involved.
Subjects
Convenience sampling was chosen for this study as the researchers had connection with school teachers and it facilitated easy collection of data. The study subjects were P4-P6 student volunteers in a primary school. Ethical approval was acquired from the Human Research Ethics Committee of The Hong Kong Institute of Education. Consent forms were collected from students' parents and school as well. After excluding students with medical history of heart disease, epilepsy or ones in post-op, the rest were recruited on the name lists. Every 4 th student on the name list was chosen until there were total eighteen study subjects. The current sample size in the study was determined by the availability of subjects, the capacity of research team and also the study design.
Interventions
A pre-intervention lesson was given to the study subjects in which elite athletes delivered some physical education and good health concepts. After the lesson, a familiarization session was set for the subjects to experience interactive physical-activity exergames. During intervention phase, subjects were administered to play exergaming for 30 minutes three times a week for three months. Each subject had three choices of different exergames-Sport Rival & Boom Ball, Shape Up and Just Dance 2015, each subject had the same amount of time for each game during the three months period to achieve even practice.
Outcome Measures
The study adopted Mirror Tracing Test (MTT) to assess eye-hand coordination. Pre-test practice was required. Each student took MTT for two times, the first time was before the pre-intervention lesson, the second time was after the three months intervention. Finishing time for each subject was recorded.
Statistical Analyses
Wilcoxon signed-rank test was used to compare time and score differences between pre-and post-intervention. All statistical tests were performed in SPSS (version 22.0, SPSS Inc., Chicago, IL, USA).
Results
There were total eighteen students in our study and they all completed the MTT tests.
During three months intervention, study subjects were arranged to play exergames for 23 times. Attendance ranged from 80% -100%. At the time of admission, the mean age was 11.5 with a standard deviation of 1.7 (Table 1) . MTT was done three times for each subject, one time MTT result was calculated by adding mistakes times two to time spent at finishing the test, then Mean MTT was calculated by taking the average of three times' results.
At project completion, a significant increase was found between pre-and post-intervention body height, as well as a significant decrease between pre-and post-intervention Mean MTT ( Table 2 ) with an effect size of 0.67.
Discussion
The finding suggests that playing exergames contribute to the developments of EHC among primary school children which resonate with several previous studies. Victoria, Alexandru, & Florentina (2010) found that EHC in third form pupils could be enhanced by physical activities. Another study by Halewyck, Lavrysen, Levin, Boisgontier, Elliott, & Helsen (2014) also indicated that EHC was influenced by both age and physical activity level since it was observed that not only in elderly, sedentary young adults also showed typical age-related hand movement adaptations.
To transfer the knowledge of the effectiveness of exergaming on EHC in school settings, it is proposed that a physical education lessoncan adopt the following exergame routine to optimize EHC development among school children, that is, playing exergaming for 30 minutes three times a week in which each subject has choices of different exergames to promote game fun with the same amount of time for each game to achieve even practice. Such a routine can be taught in school during physical education classes and exported beyond classroom when children could play exergaming at home. It is equally important to gain the support from physical education teachers in schools to integrate exergaming as an effective mean to enhance students' EHC (Zhang et al., 2012) . Physical education teachers are the ones who provide the children with the games in classes, the ones who decide the amount of time devoted to these games, and most often set the example of a physically active lifestyle (Lin & Zhang, 2011) . While empirical research evidence has been limited, many school physical education teachers may not be opposed to offer exergaming as a means to promote EHC among school children as itshould simply be thought of as one component that could be a more enjoyable medium to transition to more physical activity.
Utilizing exergaming to promote EHC seems successful; however, there are some challenges that have to be faced. One of the most common challenges is the costing to implement, specifically if the intervention is conducted within an educational setting due to budget concerns.
This project is a pilot study which carries a numbers of limitations: 1) the sample size was small, thus a low power (0.62) was achieved; 2) the relationship between each different exergame and the improvement of EHC was not studied and there might be a different effect of each game on EHC development, while in our study all exergames were considered as a whole; and 3) the study design did not involve a control group, so it was unknown whether factors other than intervention programme might affect the EHC development.
Conclusion
The major finding of the current study reveals that exergaming among young children contributes to EHC development. Playing exergames could become one of the most popular, engaging, and health-promoting school assignments of the twenty-first century. Exergames can promote children's EHC development and enhance their exercise motivation by enjoyment, leading to more physical activities. It can be a good alternative for EHC enhancement and addition to traditional physical activity and sports in children. Future directions for research should also include the influence of exergaming on population of special education needs in schools.
